It is now generally accepted that at least three distinct types of peripheral neuropathy occur in association with rheumatoid arthritis: (a) Compression neuropathies often found with early disease and associated with local joint changes; (b) A distal sensory neuropathy with a good prognosis; (c) A severe, fulminating sensorimotor neuropathy.
The present study, on the second and third types of neuropathy, attempts to correlate their clinical characteristics with nerve conduction studies and with other features of the disease and its therapy.
Material and methods

CLINICAL ASPECTS
From 1966 to 1969, 32 patients (12 male and 20 female) with classical or definite rheumatoid arthritis (Ropes, Bennett, Cobb, Jacox, and Jessar, 1959) were referred to us from routine clinics because of the presence of neurological abnormalities. Their ages ranged from 35 years to 77 years (mean 62).
Patients were examined yearly in a special review clinic. No attempt was made to influence therapy.
LABORATORY STUDIES
The following investigations were undertaken: haemoglobin, white cell count and erythrocyte sedimentation rate (Westergren); latex test and sheep cell agglutination titre; antinuclear factor, serum vitamin B12, and folic acid; oral glucose tolerance test or (rarely) blood glucose 2 hours after a load of 50g. glucose.
RADIOLOGY
Radiographs were taken of the hands, feet, chest, and cervical spine.
NERVE ANTIBODY STUDIES
The method used was essentially that used routinely for detection of muscle antibodies (Roitt and Doniach, 1966) Sera from thirteen patients were incubated for 45 minutes with unfixed frozen sections of chicken muscle. The muscle was then washed for 14 hours and treated with fluorescein-conjugated anti-IgG. The specimen was then re-washed and examined under the fluorescent microscope for the presence of fluorescent nerve bundles.
ELECTROPHYSIOLOGY
Muscles were sampled with a concentric needle electrode to detect partial denervation. This was considered to be present when both spontaneous fibrillation and a diminution in the interference pattern on maximum voluntary activity were found.
Motor conduction velocities of the lateral popliteal nerve 'were measured in all patients, as described by Thomas, Sears, and Gilliatt (1959) , recording the muscle response through a concentric needle electrode in the extensor digitorum brevis muscle. Similar studies on the median nerve (recording from the abductor pollicis brevis muscle) and medial popliteal nerve (recording from the abductor hallucis longus muscle) were also undertaken in some patients by the methods described in the same paper.
Mixed afferent potential (MAP) were obtained by recording from the lateral popliteal nerve through needle electrodes inserted subcutaneously at the neck of the fibula, after stimulation of the anterior tibial nerve at the ankle (Gilliatt, Goodman, and Willison, 1961) . In the upper limbs, the index and minimus fingers were stimulated with ring electrodes and recordings were made from the median and ulnar nerves at the wrist (Dawson, 1956) . All nerve action potentials were recorded using the photographic super-imposition of fifty tracings.
Subjects were examined in a warm room: where the temperature of the limb was below 30°C the limb was warmed before conduction studies were begun.
Results
Clinical groupings of rheumatoid neuropathy The patients were divided into three groups:
Group 1 (a) Those The aieas involved by the neuropathy were approximately symmelrical; the legs alone were affected in twelve patients, the arms and legs in six, and the hands alone in one. Vibration sense was normal in only five subjects and the degree of loss was severe, with sensation absent below the iliac Neurological signs in these patients remained stationary during the time of study.
Nerve conduction studies A total of eleven patients (8 in la; 3 in lb) was studied.
Motor studies of the lateral popliteal nerve in Group la were abnormal in half the patients. Distal latency at the ankle was not prolonged but the conduction velocity of the fastest fibres was markedly reduced in two patients and absent in another.
The mixed afferent potential (MAP) was frequently small, with a normal latency, or absent (see Table   III ). One patient (Case 4) was studied before and after the resolution of neurological symptoms; the MAP was absent on the first occasion and was of diminished (l,uv) amplitude on the second. In three of the patients in whom mixed afferent potentials were searched for, none was found.
The sensory action potential of the ulnar nerve was studied in three of these patients; its amplitude was diminished in one and the potential was absent in a second. This patient (Case 16) also had no median nerve sensory action potential at this time. These searches are limited, because these patients were severely ill. However, they do suggest that lesions of the peripheral nerves may be widespread.
Nerve antibody studies Fluorescent staining of nerve bundles was found fortuitously when the serum of a patient with early rheumatoid arthritis (without neurological abnormalities) was incubated with chicken muscle in a routine search for muscle antibodies. It was thus decided to study the sera of some of the patients in our group with peripheral neuropathies.
In none of the thirteen sera (11 from Group 1 and 2 from Group 2) examined were antibodies to nerve bundles found.
Discussion CLINICAL ASSOCIATIONS BETWEEN RHEUMATOID ARTHRITIS AND NEUROPATHY
There is little difference between the two groups in the duration of arthritis before neuropathy supervened. Similarly, it is not possible to deduce any definite relationships between joint swelling and peripheral nerve disease, as joint changes are so frequently found in both groups.
Serious complications of rheumatoid disease were extremely frequent in Group 2, in which the mortality rate was alarmingly high (4 of 7 patients) see Table  IV . These findings of infarction of myocardium, or bowel, or skin ulcerations, are compatible with a widespread vasculitis. Nailfold lesions are usually adduced as evidence of vasculitis of serious import; yet they occurred frequently where disease was mild.
THERAPEUTIC ASSOCIATIONS (Table V, overleaf) Neither gold nor antimalarial drugs appeared to influence the course of the peripheral neuropathy. Corticosteroids were used frequently where rheumatoid disease was severe; it is thus difficult to disentangle their effects in constant or changing dosage (Kemper, Baggenstoss, and Slocumb, 1957; Ball, 1954 ) from those of the disease process. No convincing association is shown in our series. (Table VI, polyneuropathy with a poor prognosis, and others in which there is a mononeuritis multiplex with an intermediate prognosis. Hart and Golding (1960) distinguished only two main groups of neuropathy. When compression neuropathies are excluded, we would suggest there is little difference between patients with distal sensory signs and those who also have minor motor abnormalities. This is reinforced by our nerve conduction findings, so that we would agree that rheumatoid neuropathy may be divided into mild (group 1) and severe (group 2). The latter is more clearly defined. The onset is abrupt, motor manifestations predominating. Males are affected more often than females and neurological abnormalities are set against a background of strongly sero-positive, nodular, erosive, severe rheumatoid disease, often complicated by other evidence of vasculitis. There is a high mortality rate, death usually occurring within 2 years of onset (see also Plunkett and Golding, 1966) .
FEATURES OF NEUROPATHIES
Electrophysiology confirms the findings in this group: denervation is severe and may be widespread and compatible with axonal degeneration (Weller and others, 1970) .
These patients with severe neuropathy are clearly and easily differentiated from those in Group 1 with relatively minor clinical abnormalities of peripheral nerves. In the latter one is sometimes confronted by a striking slowing down of conduction to a degree which suggests the presence of segmental demyelination in motor nerves one would have believed unaffected. We know of only one previous report of similar findings, that by Good, Christopher, Koepke, Bender, and Tarter (1965) not correspond with ours; it is thus difficult to know whether the figures are weighted by the presence of subjects with severe sensorimotor changes. Our work would suggest that a nerve may be damaged more severely than is evident from clinical signs; we have also shown that abnormalities are more widespread than clinical signs indicate, for in several instances where clinically normal nerves such as those of the forearm have been studied, there have been electrophysiological abnormalities.
Does the distinction between patients with severe neuropathy and those with mild neuropathy rest upon a different aetiological factor? There is no evidence that the basis of the abnormality is immunological in either group, whereas nailfold lesions were present in both and such lesions are usually considered to be caused by vasculitis. Perhaps the difference in the two groups lies in the amount of vasculitis present: in Group 2 episodes of vasculitis were frequent and widespread, and involved large vessels. The precipitating factor for a change in the tempo if not in the character of the disease remains unknown. Summary A group of 32 patients with rheumatoid arthritis and peripheral neuritis has been studied. When compression neuropathies are excluded from consideration, it is found that patients fit into two well-defined groups, both clinically and electrophysiologically: GROUP 1 Patients have relatively benign rheumatoid arthritis which is frequently only moderately sero-positive. The incidence of nodules and erosions is less in this group than in Group 2, and the sex ratio is that of rheumatoid disease.
A patchy glove and stocking hypoaesthesia and hypoalgesia involving the feet, and occasionally also Nn Sensory-Olllfatt, Goodman, and Wiflison (1961) .
Median SAP }Gilliatt and Sears (1958) N -normal SF = spontaneous fibrilatlon DL -dist latency MCV = nmum conduction velocity.
the hands, is rarely associated with minimal motor morbidity of the group is high. weakness.
Motor weakness, initially of the feet and later of Electrophysiological abnormalities include gross the arms, is profound and the accompanying sensory slowing of motor conduction in the limb and reduced symptoms, which rarely antedate motor signs by or absent sensory action potentials. Findings more than a few weeks, are unobtrusive. frequently are normal.
Nerve conduction studies show severe denervation of the nerves supplying the involved muscles. GROUP 2 There is no evidence to suggest that the peripheral 
